1. Introduction {#s0005}
===============

Prostate cancer is the second deadliest cancer in the United States. In 2018, the American Cancer Society estimates that there were around 165,000 new cases of prostate cancer, and 30,000 men will die from the disease ([@b0090], [@b0095]). The rates of prostate cancer in Saudi Arabia are lower than the US due to the differences in the practice of prostate-specific antigen (PSA) testing and subsequent biopsy. Thus, prostate cancer cases are usually under-reported ([@b0005], [@b0010]). However, prostate cancer was ranked as the fourth most common cancer among Saudi males in the 2015 Saudi Cancer Registry (SCR) report ([@b0085]).

At the onset, more than 90% of prostate cancer patients will present with localized disease, and around 20--40 percent will experience a biochemical recurrence within 10 years, following localized therapy ([@b0060], [@b0070]). Patients with biochemical recurrence following localized therapy will usually receive androgen deprivation therapy (ADT) to delay the onset of metastatic disease, [Fig. 1](#f0005){ref-type="fig"}. However, a subset of those patients will still have a rising PSA level, despite appropriate ADT, and will be diagnosed with castrate-resistant prostate cancer (CRPC) ([@b0100], [@b0020]). Patients with shorter PSA doubling time (PSADT), less than or equal to 10 months, are identified at higher risk for metastatic disease and death from prostate cancer. This represents a challenging dilemma where optimal management is unclear ([@b0040]). Apalutamide was the first drug to be approved to delay metastatic disease in the localized setting for patients with high-risk non-metastatic CRPC with PSADT of ≤10 months, [Table 1](#t0005){ref-type="table"} ([@b0045], [@b0105]). This review article will discuss the development, safety, and efficacy of apalutamide and its current place in therapy.Fig. 1Systemic therapy landscape of prostate cancer. Apalutamide is used in patients with castrate-resistant prostate cancer (CRPC), who present with rising PSA levels, despite appropriate ADT.Table 1Apalutamide and enzalutamide dosing and adjustments in patients with NM-CRPC.[±](#tblfn1){ref-type="table-fn"}ApalutamideEnzalutamideDose strength240 mg by mouth daily + ADT\
(4 tablets × 60 mg oral tablet)160 mg by mouth daily + ADT\
(4 tablets × 40 mg oral tablet)Meal requirementWith or without foodWith or without foodDose adjustmentRenal: CrCl \< 30 ml/min, not studied Hepatic: Child-Pugh class C, not studiedRenal: CrCl \< 30 ml/min not studied Hepatic: no dose adjustment neededMonitoringTSH\
Rash seizures\
QTC prolongation, risk of falls or fracture\
Cardiovascular effects (blood pressure)Hypersensitivity reactions seizures\
Risk of falls or fracture\
Cardiovascular effects (blood pressure)Drug interactions and dose modificationsNo initial dose adjustment is necessary, monitor and adjust per AE'sStrong CYP2C8 Inhibitors: reduce the dose to 80 mg by mouth dailyStrong CYP3A4 Inducers: increase the dose to 240 mg by mouth dailyDose-limiting toxicitiesGrade 3 or higher toxicity: hold dosing until symptoms improve to less than or equal to Grade 1, then resume at the same dose or a lower dose (180 mg or 120 mg)Grade 3 or higher toxicity: withhold dosing for one week or until symptoms resolved to less than or equal to Grade 2, then resume at the same or a lower dose (120 mg or 80 mg)[^1]

2. Development of apalutamide {#s0010}
=============================

Apalutamide (ARN-509) is developed by Aragon Pharmaceuticals, Inc. In xenograft models, apalutamide achieved maximal antitumor efficacy in lower dose when compared to enzalutamide. Thus, it had a higher therapeutic index and was able to induce partial or complete remission during preclinical studies ([@b0030]). Apalutamide is a potent and competitive second-generation anti-androgen agent that inhibits androgen receptor (AR) with similar mechanisms of action to enzalutamide, [Fig. 2](#f0010){ref-type="fig"} ([@b0030], [@b0035]). It has a tri-modal mechanism of action; binds to the AR ligand-binding domain (AR-LBD) and prevents AR activation, inhibits the translocation of AR in the nucleus, and inhibits the transcription of target genes via preventing the AR and DNA incorporation.Fig. 2Mechanism of AR inhibitors. Apalutamide and enzalutamide are a potent competitive second-generation AR antagonists. Abbreviations; AR, androgen receptor; C, coactivators; T, testosterone.

3. Pharmacokinetics of apalutamide {#s0015}
==================================

Apalutamide pharmacokinetics were studied in patients with mCRPC ([@b0075]). Apalutamide was fully absorbed (∼100%) following oral administration, with a dose range of 30--480 mg with or without food. The mean volume of distribution was around 276 L and the median time to achieve peak plasma concentration (Tmax) was 2 h and ranged between 1 and 5 h. Apalutamide was metabolized majorly to the active metabolite N-desmethyl apalutamide and both had an excellent plasma-proteins bound concentrations. After administering the recommended dose of apalutamide, the maximum plasma concentration (Cmax) of apalutamide and its active metabolite was 6.0 mcg/mL and 5.9 mcg/mL and the area under the curve (AUC) was 100 mcg h/mL and 124 mcg h/mL at steady state, respectively. The metabolism of apalutamide to its active metabolite N-desmethyl apalutamide was primarily through the liver enzymes CYP3A4 and CYP2C8. The mean clearance was 2 L per hour, and the mean half-life was ∼3 days.

3.1. Special population {#s0020}
-----------------------

No differences in apalutamide pharmacokinetics were noticed in extreme ages or different races, and mild to moderate renal and hepatic dysfunction ([@b0075]). However, apalutamide was not studied in patients with severe renal (CrCl \< 30 ml/min/1.73 m^2^, MDRD) and hepatic (Child-Pugh C) dysfunction.

3.2. Apalutamide drug Interactions {#s0025}
----------------------------------

Apalutamide and N-desmethyl apalutamide are moderate to strong CYP3A4 and CYP2B6 inducers, and moderate inhibitors of CYP2B6 and CYP2C8 ([@b0105]). Co-administration of apalutamide with CYP3A4 and CYP2C9, 2C19 and P-gp substrates, decreases the AUC of those medications. Additionally, apalutamide is metabolized by the CYP2C8 and CYP3A4. Therefore, the Cmax was decreased and AUC was increased when used with strong CYP2C8 and CYP3A4 inhibitors.

4. Apalutamide in clinical trials {#s0030}
=================================

4.1. Phase II trial -- safety and activity of apalutamide (ARN-509) {#s0035}
-------------------------------------------------------------------

The activity and safety of apalutamide were established in a phase II trial ([@b0025]). A total of 51 patients with high risk for disease progression, defined as PSA level of ≥8 ng/ml or a PSA doubling time of ≤10 months were included. Patients received apalutamide 240 mg by mouth daily and ADT. At a median follow-up of 28 months, the primary endpoint was the 12-wk PSA response, where 89% of patients had above or equal to 50% PSA decline at 12 weeks. For secondary endpoints, the time to PSA progression was 24 months, and the metastasis-free survival was not reached***.*** A total 22% of the patients discontinued the study drug due to disease progression, and 18% due to the adverse event including fatigue (61%), diarrhea (43%), and nausea (39%).

4.2. SPARTAN trial -- a study of apalutamide (ARN-509) in men with non-metastatic castration-resistant prostate cancer {#s0040}
----------------------------------------------------------------------------------------------------------------------

A phase III, randomized, double-blind, and placebo-controlled trial, included 1207 patients with NM-CRPC ([@b0105]). The purpose of the trial was to evaluate the effect of apalutamide on metastasis-free survival (MFS) in men with NM-CRPC and a PSADT of ≤10 months. This was the first time that the FDA used MFS (the time from randomization to the time of first evidence of distant metastasis, or death due to any cause, whichever occurred first), as the primary endpoint in its decision making.

Patients were randomized in 2:1 fashion to receive either apalutamide and ADT or a matched placebo and ADT ([@b0105]). Patients were stratified based on PSADT, use of bone-sparing agents and the classification of nodal disease and follow-up imaging were performed every 16 weeks, for disease assessment to measure the primary endpoint MFS. Not all adults patients with confirmed disease and good performance status were included in the trial. Only patients at high risk of developing metastasis who had a castration-resistant disease with a PSA doubling time of ≤10 months during continuous ADT, were included, with N0 or N1 disease. Patients, treated previously with abiraterone, enzalutamide, radiopharmaceutical agents or chemotherapy were excluded. As a class effect, androgen receptor antagonists have been associated with seizures due to the off-target GABAA inhibition. Thus any patients with a history of seizure or condition that may predispose to seizure were excluded. In addition to, patients on concurrent therapy with any of the medications that are known to lower the seizure threshold, herbal and non-herbal products that may decrease PSA levels, and systemic corticosteroids. Short-term use (≤4 weeks) of corticosteroids during the study is allowed if clinically indicated, but it should be tapered off as soon as possible. An appropriate sample size and statistical tests were used in the trial.

The median age was 74 years for patients in both groups, with approximately 8 years since prostate cancer was first diagnosed ([@b0105]). The median PSA doubling time was around 4 and a half months, 70% of those patients had a PSA doubling time of 6 months or less, and only 10% or less of the patients where on Bone-targeted agents. Patients were followed for a median of 20.3 months, and the MFS was significantly higher in the apalutamide arm 40.5 months vs 16.2 months in the placebo arm. Thus, apalutamide reduced the risk of metastasis or death by 72% in patients with NM-CRPC. Time to symptomatic progression was longer with apalutamide compared to placebo; HR = 0.45, 95% CI, 0.32--0.63, P \< 0.001. The interim overall survival (OS) analysis showed a trend favoring apalutamide, as the median OS was 39 months in the placebo arm and was not reached in the apalutamide arm; HR = 0.70, p = 0.07.

Progression-free survival 2 (PFS2) is a unique endpoint that looked at PFS during second treatment and although the trial was not powered to detect PFS2, men received apalutamide had a 51% risk reduction in PFS2 compared to men treated with placebo; HR = 0.49, p \< 0.0001 ([@b0105]). The median time to PSA progression was not reached in the apalutamide group as compared with 3.7 months in the placebo group; HR = 0.06; 95% CI, 0.05 to 0.08, and the median PSA level (At 12 weeks) was decreased by 89.7% with the apalutamide group.

5. Apalutamide adverse effects {#s0045}
==============================

The grade 3--4 adverse events ([@b0065]) were slightly higher in the apalutamide arm 45% vs. 34% in the placebo arm, [Table 2](#t0010){ref-type="table"} ([@b0105]). Similar to enzalutamide, and although patients with uncontrolled hypertension were excluded from the trial, the incidence of grade 3/4 HTN was 14.3% in the treatment group. Adverse events of skin rash were reported for 23.8% of patients in the apalutamide group versus 5.5% in the placebo group. Grade 3 rashes were reported with apalutamide 5.2% versus placebo 0.3%, and the onset of skin rash occurred at a median of 82 days of treatment and resolved within a median of 60 days for 80.6% of patients. Around 16% and 12% of patients on apalutamide experienced falls and fractures, respectively. It is well known that ADT is associated with bone mineral density reduction causing a greater risk of clinical fractures, however, it appears that treatment with apalutamide further increases the risk.Table 2Adverse events (AE) in (%) occurring in patients treated with apalutamide vs. enzalutamide.[±](#tblfn3){ref-type="table-fn"}Apalutamide + ADT 240 mg daily (n = 803)Enzalutamide + ADT 160 mg daily (n = 930)All gradesGrade 3/4All gradesGrade 3/4Fatigue30.40.9333Rash23.85.2----Falls15.61.7111Fractures11.72.79.8--Hypothyroidism8.10----Hypertension24.814.3125Diarrhea20.3110\<1Nausea18.1011\<1Weight loss16.11.16\<1Seizure0.20\<1\<1Dizziness9.30.3120.5Hot flashes14013\<1Decreased appetite10\<19.6\<1Mental impairment disorders[\*](#tblfn2){ref-type="table-fn"}5.105\<1[^2][^3]

Hypothyroidism was reported in 8.1% of patients in the apalutamide group versus 2.0% in the placebo group and only grade 1 and grade 2 events were observed and hypothyroidism worsened in patients on thyroid replacement therapy ([@b0105]). Generally, elevations in thyroid-stimulating hormone (TSH) occurred early in treatment; median time to first TSH elevation was 113 days. Importantly, seizures were rare and were never Grade 3 or 4. Treatment discontinuation due to adverse events was around 11% vs. 7% in the placebo group vs. apalutamide, respectively. Skin rash led to treatment discontinuation in 19 patients, followed by fatigue in 8 patients, sepsis in 4 patients and only 1 patient were discontinued due to dizziness. Only 5% of the 804 patients who received apalutamide had dose reduction, 22 patients due to rash, 14 due to fatigue and 4 due to diarrhea.

5.1. Apalutamide AE management {#s0050}
------------------------------

Patients with history of seizures were excluded from the apalutamide clinical trial due to the off-target GABA-A inhibition of AR antagonists ([@b0050], [@b0105]). Exercise caution in patients with a history of seizures or on medications that lower seizure threshold. It is important to consider discontinuing any concurrent medications that are known to lower the seizure threshold. Discontinue apalutamide permanently in case of seizures. Additionally, patients with uncontrolled hypertension (\>160/100 mmHg) were excluded from the trial. It is important to optimize antihypertensives and ensure patients adherence to blood pressure therapies prior to apalutamide initiation. Monitor patients for macular or maculopapular rash as it was reported in over 20% of the treated patients. Rashes

\<30% of the body surface area were reported in 5% of the patients. The median onset of the rash was approximately 80 days. Systemic corticosteroids were used in 4% of the patients with rash and the dose was reduced according to the grade of rash (rash of grade 3 or above). It is recommended to check TSH levels prior to initiating and during the treatment with apalutamide, initiate thyroid replacement therapy when clinically indicated. Prior to initiating apalutamide assess the patients for fracture risk, as it was reported in more than 10% of the patients. When patients present with AE's of grade 3 or higher, it is recommended to hold apalutamide until symptoms resolution to grade 1 or less and re-initiate apalutamide therapy with the same or lower dose.

6. Apalutamide place in therapy {#s0055}
===============================

Shortly after the approval of apalutamide in men with NM-CRPC, the FDA approved enzalutamide for the same indication. The approval was based on the safety and efficacy results of enzalutamide in patients with NM-CRPC -- PROSPER trial ([@b0015], [@b0045]). The phase III randomized, placebo-controlled, double-blind trial, included a total of 1401 patients. Patients were randomized in 2:1 fashion to receive either enzalutamide or placebo. Similar to the SPARTAN trial, the primary endpoint MFS was superior in the enzalutamide arm 36.6 months vs 14.7 months in the placebo arm, HR = 0.29, p \< 0.0001, and the premature data trended toward significant in the enzalutamide arm, HR = 0.80, 95% CI 0.58--1.09, p = 0.15. The safety profile of enzalutamide was comparable to apalutamide, [Table 2](#t0010){ref-type="table"}.

The NCCN guidelines were updated recently to recommend using apalutamide or enzalutamide in patients with NM-CRPC and a PSA-DT ≤ 10 months, with continuous ADT therapy, [Table 1](#t0005){ref-type="table"} ([@b0070]). In the clinical setting, it is essential to identify the subset of patients who will benefit the most from second generation AR antagonists ([@b0055]). The emerging quality of life data from the SPARTAN trial ([@b0080]) showed that the overall health-related quality of life (HRQOL) was maintained in asymptomatic CRPC patients while receiving apalutamide. However, the long-term toxicities associated with the prolonged use of AR antagonist are needed to be taken into consideration before initiating the therapy, [Table 2](#t0010){ref-type="table"}. Furthermore, health-economical studies are needed to evaluate the impact of treating NM-CRPC patients earlier vs. delaying it until symptomatic progression.

7. Conclusion {#s0060}
=============

Men with NM-CRPC with short PSA-DT (≤10 months) can be offered apalutamide or enzalutamide as therapy options to delay the disease metastasis. Data regarding OS prolongation is still premature, however, it is trending toward favoring therapy. Prior to therapy initiation, it is important to assess the patient willingness, discuss the long-term toxicities, and evaluate comorbidities including but not limited to; cardiovascular diseases, risk of fall and fractures, and history of seizures.
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